Electronic Version 
Stylesheet Version vl.l.l 

Description 

IVIULTI-SPINDLE POSITIONING 

APPARATUS 

Cross Reference to Related Applications 

[0001] This application claims the benefit of U.S. provisional ap- 
plication Serial No. 60/485,822 filed July 9, 2003. 
Background of Invention 

[0002] 1. Field of the Invention 

[0003] jhe present invention relates to a spindle positioning ap- 
paratus for a robotic manipulator, such as a multi-axis 
robot. 

[0004] 2. Background Art 

[0005] Previously, a single spindle was associated with a robot 

for engaging a fastener, such as that in U.S. Patent No. 

4,741,078. 
Summary of Invention 

[0006] According to one aspect of the present invention, a spin- 
dle positioning apparatus for a robotic manipulator is 



provided. The spindle positioning apparatus includes a 
mounting plate assembly, a first spindle, a second spin- 
dle, and an actuator mechanism. The mounting plate as- 
sembly is attached to the robotic manipulator. The first 
spindle is disposed on the mounting plate assembly in a 
fixed position. The second spindle is disposed on the 
mounting plate assembly and is movable with respect to 
the first spindle. The actuator mechanism is adapted to 
position the second spindle with respect to the first spin- 
dle. 

[0007] jhe mounting plate assembly may include a fixed plate 
and a movable plate. The fixed plate may be adapted to 
receive the first spindle and may be disposed proximate 
the robotic manipulator. The movable plate may be 
adapted to receive the second spindle and may be mov- 
ably attached to the fixed plate. 

[0008] Jhe first spindle may extend through the fixed plate. The 
second spindle may extend through the movable plate. 

[0009] Jhe actuator mechanism may be disposed proximate the 

mounting plate assembly. The actuator mechanism may 
include a ball screw assembly and a servo motor. The ball 
screw assembly may include a ball nut and a ball screw. 
The servo motor may be adapted to rotate the ball screw 



to actuate the ball nut. The ball nut may be attached to 
the movable plate. The ball screw may be attached to the 
fixed plate. 

[0010] The first spindle may be adapted to rotate about a first 
axis of rotation. The second spindle may be adapted to 
rotate about a second axis of rotation. The first and sec- 
ond axes of rotation may be disposed parallel to each 
other. The distance between the first and second axes of 
rotation may be in the range of 75mm to 1400mm. 

[001 1] According to another aspect of the present invention, a 

multi-spindle positioning assembly is provided. The as- 
sembly includes a multi-axis robot having a manipulator 
arm and a spindle positioning apparatus. The spindle po- 
sitioning apparatus includes first and second mounting 
plates, first and second spindles, and an actuator. The 
first mounting plate is attached to the manipulator arm 
and includes a first opening. The second mounting plate 
is movably attached to the first mounting plate and in- 
cludes a second opening. The first spindle extends 
through the first opening and is attached to the first 
mounting plate. The second spindle extends through the 
second opening and is attached to the second mounting 
plate. The actuator mechanism is adapted to position the 



second spindle with respect to tlie first spindle. 

[0012] jhe assembly may include a track disposed proximate the 
first mounting plate and adapted to movably receive the 
second mounting plate. The first and second spindles may 
include first and second tools, respectively, that are 
adapted to engage a threaded part. 

[0013] According to another aspect of the present invention, a 

method for applying torque to a set of threaded parts with 
a spindle positioning apparatus is provided. The spindle 
positioning apparatus is disposed on a robotic manipula- 
tor and includes first and second spindle assemblies each 
adapted to engage a threaded part. The first and second 
spindle assemblies have first and second axes of rotation, 
respectively. The second spindle assembly is movable with 
respect to the first spindle assembly. 

[0014] Jhe method includes selecting a subset of the set of 
threaded parts, determining a center line distance be- 
tween the threaded parts in the subset, moving the sec- 
ond spindle assembly such that the first and second axes 
of rotation are separated by an amount equal to the cen- 
ter line distance, positioning the spindle positioning ap- 
paratus with the robotic manipulator such that the first 
and second spindle assemblies are disposed proximate 



the subset of threaded parts, rotating the first and second 
spindle assemblies to apply torque to the subset of 
threaded parts, and repeating the selecting step for addi- 
tional subsets of threaded parts until all of the threaded 
parts in the set are selected. 
[0015] A first subset of the set of threaded parts may be dis- 
posed proximate a center of a workpiece. At least one part 
in the subset of threaded parts for a current iteration may 
be spaced further from the center of the workpiece than a 
part in the subset of threaded parts selected for a prior it- 
eration. A last subset of the set of threaded parts may in- 
clude a part disposed furthest from the center of the 

workpiece. 
Brief Description of Drawings 

[0016] Figure 1 is a perspective view of a multi-spindle position- 
ing assembly having a robotic manipulator and a spindle 
positioning apparatus. 

[0017] Figure 2 is a perspective view of the spindle positioning 
apparatus. 

[0018] Figure 3 is a method for applying torque to a set of 

threaded parts with the spindle positioning apparatus. 

[0019] Figures 4A-4C are plots of different patterns for applying 
torque to the set of threaded parts in accordance with the 



method of Figure 3. 
Detailed Description 

[0020] Referring to Figure 1, a multi-spindle positioning assem- 
bly 10 is shown. The multi-spindle positioning assembly 
10 includes a manipulator 12 and a spindle positioning 
apparatus 14 adapted to be attached to the manipulator 
12. 

[0021] jhe manipulator 12 may have any suitable configuration. 

In the embodiment shown in Figure 1, the manipulator 12 
is configured as a multi-axis robot having a manipulator 
arm 16. For example, the manipulator 12 may be a six- 
axis articulated robot, model IRB4400, made by ABB. 
However, the manipulator 12 may be of any suitable type 
and may have any suitable number of movement axes 
and/or degrees of freedom. 

[0022] Referring to Figure 2, the spindle positioning apparatus 

14 is shown in more detail. The spindle positioning appa- 
ratus 14 may include a mounting plate assembly 20, a 
"fixed" or first spindle assembly 22, a "movable" or sec- 
ond spindle assembly 24, and an actuator mechanism 26. 

[0023] Jhe mounting plate assembly 20 is adapted to receive the 
first and second spindle assemblies 22,24 and to allow 
the first spindle assembly 22 to move with respect to the 



second spindle assembly 24. In the embodiment shown in 
Figure 2, the mounting plate assembly 20 includes a fixed 
plate 30 and a movable plate 32. The fixed and movable 
plates 30,32 may be made of any material of suitable 
stiffness and strength to support and/or maintain align- 
ment of the spindle assemblies 22,24. 
[0024] jhe fixed plate 30 may be attached to the manipulator 
arm 16 in any suitable manner, such as with one or more 
fasteners. In addition, the fixed plate 30 is adapted to re- 
ceive the first spindle assembly 22. More specifically, the 
fixed plate 30 may include a first opening 34 for receiving 
the first spindle assembly 22. The first spindle assembly 
22 may be attached to the fixed plate 30 in any suitable 
manner, such as with one or more fasteners. The fixed 
plate 30 may have any suitable configuration. In the em- 
bodiment shown in Figure 2, the fixed plate 30 is gener- 
ally planar. In addition, the fixed plate 30 may be made of 
any suitable material, such as a polymeric material or a 
metal. 

[0025] Jhe movable plate 32 is adapted to receive the second 

spindle assembly 24 and is movably attached to the fixed 
plate 30. More particularly, the movable plate 32 includes 
a second opening 36 adapted to receive the second spin- 



die assembly 24. The second spindle assembly 24 may be 
attached to the movable plate 32 in any suitable manner, 
such as with one or more fasteners. 

[0026] The first and second spindle assemblies 22,24 include a 
spindle 40,42 and a tool portion 44,46, respectively. 

[0027] jhe first and second spindles 40,42 are adapted to rotate 
about first and second axes of rotation, 48,50 respec- 
tively. The first and second spindles 40,42 may be of any 
suitable type, such as bidirectional DC spindles made by 
Atlas Copco. Alternately, the spindles 40,42 may be con- 
figured as nutrunners or electric motors. In addition, the 
first and second spindles 40,42 may be driven in any suit- 
able manner, such as with a motor or pneumatics. 

[0028] Jhe tool portions 44,46 may be disposed at a distal end 
of each spindle 40,42. The tool portions 44,46 may be 
adapted to engage a threaded part, such as a threaded 
fastener. The tool portions 44,46 may have any suitable 
configuration and may be of any suitable type. For exam- 
ple, the tool portions 44,46 may be configured as sockets 
that have an opening adapted to engage the threaded 
part. Moreover, the tool portions 44,46 may have a male 
or female configuration and may include such geometries 
as slotted, Phillips, pozidriv, square, tri-wing, TORX®, 



hex, spanner, penta-drive, quadrex, spline, tri-groove, 
triangular, or oval. 

[0029] The actuator mechanism 26 is adapted to position the 

second spindle assembly 24 with respect to the first spin- 
dle assembly 22. More specifically, the actuator mecha- 
nism 26 is adapted to move and support the movable 
plate 32 with respect to the fixed plate 30. The actuator 
mechanism 26 may have any suitable configuration, such 
as a linear slide or linear motion component. In the em- 
bodiment shown in Figure 2, the actuator mechanism 26 
includes a servo motor 52 and a ball screw assembly 54. 
Operation of the actuator mechanism 26 may be con- 
trolled by a control unit adapted to monitor and/or con- 
trol the manipulator 12. As such, the movable plate 32 
may act as an additional movement axis or degree of 
freedom for the manipulator 12. 

[0030] The servo motor 52 may be disposed proximate the fixed 

plate 30 and may be adapted to rotate the ball screw as- 
sembly 54 in response to an input signal from a control 
unit. 

[0031] The ball screw assembly 54 may have any suitable config- 
uration. In the embodiment shown in Figure 2, the ball 
screw assembly 54 includes a ball screw 56 and ball nut 



58. 

[0032] jhe ball screw 56 may be connected at a first end to the 
servo motor 52 and at a second end to the fixed plate 30. 
For example, the second end of the ball screw 56 may be 
attached to a flange 60 disposed on the fixed plate 30. 
The ball screw 56 may have any suitable length to provide 
a desired range of spindle travel. For example, a ball 
screw 56 may be selected such that the distance between 
the first and second axes of rotation 48,50 may be in the 
range of 75mm to 1400mm. 

[0033] Jhe ball nut 58 is movably associated with the ball screw 

56 and may be attached to the movable plate 32. More 
specifically, the ball nut 58 is disposed on the bottom of 
the movable plate 32 and travels along the ball screw 56 
when the ball screw 56 is rotated by the servo motor 52. 

[0034] optionally, additional features may be incorporated to 

movably couple the fixed and movable plates 30,32 and 
to help guide and support the movable plate 32. For ex- 
ample, the movable plate 32 may be adapted to slide in a 
groove or track 62 disposed in/on the fixed plate 30. In 
addition, the fixed plate 30 and/or movable plate 32 may 
include one or more rotatable members, such as rollers or 
gears, that are received by a surface, track, or groove dis- 



posed in an opposing plate. 

[0035] Referring to Figure 3, a flowcliart of a metliod for applying 
torque to a set of threaded parts associated with a work- 
piece will now be described. More specifically, the method 
employs the multi-spindle positioning assembly 10 to 
provide torque to one or more threaded parts, such as 
spark plugs or threaded fasteners like bolts. 

[0036] As will be appreciated by one of ordinary skill in the art, 
the flowchart represents control logic which may be im- 
plemented using hardware, software, or combination of 
hardware and software. For example, the various func- 
tions may be performed using a programmed micropro- 
cessor. The control logic may be implemented using any 
of a number of known programming or processing tech- 
niques or strategies and is not limited to the order or se- 
quence illustrated. For instance, interrupt or event-driven 
processing is employed in real-time control applications, 
rather than a purely sequential strategy as illustrated. 
Likewise, pair processing, multitasking, or multi-threaded 
systems and methods may be used to accomplish the ob- 
jectives, features, and advantages of the present inven- 
tion. 

[0037] jhjs invention is independent of the particular program- 



ming language, operating system processor, or circuitry 
used to develop and/or implement the control logic illus- 
trated. Likewise, depending upon the particular program- 
ming language and processing strategy, various functions 
may be performed in the sequence illustrated at substan- 
tially the same time or in a different sequence while ac- 
complishing the features and advantages of the present 
invention. The illustrated functions may be modified or in 
some cases omitted without departing from the spirit or 
scope of the present invention. 
[0038] For clarity, the method is described with reference to the 
workpiece and set of threaded parts shown in Figure 4A. 
However, it will be understood that the present invention 
is not limited to a particular workpiece or type of threaded 
part. 

[0039] Figure 4A depicts a workpiece 200 configured as a cam 
cover for an internal combustion engine. The workpiece 
200 has a plurality of apertures 202 shown in phantom 
adapted to receive a threaded part, such as a bolt. The 
threaded parts 204 comprise a set. The center line dis- 
tance between any two apertures or threaded parts may 
vary in accordance with the configuration of the workpiece 
200. 



[0040] Referring to Figure 3, at 100, tlie metliod begins by se- 
lecting a subset of a set of tlireaded parts. Tlie size of the 
set may be equal to the total number of threaded parts. 
The number of members in the subset may be equal to 
the total number of spindles. For example, in Figure 4A, 
the set includes fourteen (14) fasteners and the subset 
size is two (2). Moreover, in this example, the first subset 
selected is designated by horizontal line 1. 

[0041] At 102, a distance between the center lines, or "center line 
distance" between the parts in the subset is determined. 
This distance may be determined using one or more sen- 
sors or may include preprogrammed values stored in a 
look up table or control logic. 

[0042] At 104, the second spindle assembly 24 is positioned 

such that the first and second axes of rotation 48,50 are 
separated by a distance equal to the center line distance. 
The second spindle assembly 24 may be positioned using 
the actuator mechanism 26. For example, the servo motor 
52 may be rotated a desired number of degrees to move 
the ball nut 58, movable plate 32, and second spindle 42 
to a desired position. 

[0043] At 106, the manipulator 12 positions the spindle posi- 
tioning apparatus 14 such that the first and second spin- 



die assemblies 22,24 are disposed proximate the subset 
of threaded parts. More specifically, the tool portions 
44,46 are positioned to engage the first subset of parts. 

[0044] At 108, the spindles 40,42 are rotated to apply torque to 
the subset of threaded parts. Torque may be provided in 
either the clockwise or counterclockwise direction to 
tighten or loosen the threaded parts. 

[0045] At 110, the selecting step is repeated for additional sub- 
sets of threaded parts until all the threaded parts in the 
set are selected. For example, the process may continue 
by selecting a second subset designated by horizontal line 
2 and repeating steps 102-108. The method repeats for 
subsets 3-7, which are designated by horizontal lines 
3-7, respectively. 

[0046] jhe method and apparatus of the present invention may 

be used to support a flexible manufacturing strategy. 
More specifically, the present invention may be used in a 
flexible manufacturing process for assembling workpieces 
having different configurations or threaded part positions. 
For example, the present invention may be used to as- 
semble or "stitch" multiple fasteners to a first workpiece 
in a predetermined sequence, and then stitch multiple 
fasteners to a second workpiece having a different hole or 



fastener pattern on the same assembly line. 

[0047] Torque patterns can be designed to improve joint quality 
and integrity. Referring to Figures 4A-4C, some represen- 
tative embodiments of stitching strategies are shown. 
More specifically, these embodiments employ a "center- 
out" stitching strategy to inhibit deformation or twisting 
of the workpiece. In these embodiments, subsets or pairs 
of parts, numbered 1-7, are engaged in ascending order. 
These embodiments are not exhaustive of all possible 
patterns or stitching strategies. Consequently, it is under- 
stood that a person of ordinary skill in the art could de- 
velop different positioning patterns and strategies that in- 
corporate one or more elements of these embodiments. 

[0048] In Figure 4A, an embodiment of a center-out stitching 
strategy in which the spindles are aligned to a left- 
to-right axis is shown. More specifically, the sequence 
begins with the subset (1) closest the center of the work- 
piece 200 and then moves outward to other subsets (2-7) 
located further from the center. 

[0049] In Figure 4B, an embodiment of a center-out stitching 
strategy in which the spindles are aligned to a top- 
to-bottom axis is shown. In this embodiment, the first 
subset selected from the set of parts 304 includes at least 



one fastener located closest to the center of the workpiece 
300. Additional subsets 2-8 are selected so as to work 
outward from the center. Moreover, this embodiment 
shows that one or more subsets may employ a single 
threaded part, such as subsets 7 and 8. 

[0050] In Figure 4C, another stitching strategy embodiment is 

shown in which the spindles are not aligned to a particular 
axis. Instead, the manipulator 12 positions the spindles to 
engage subsets 1-7 of the set of parts 404 by adjusting 
the spindle spacing and rotational position with respect to 
the center of the workpiece 400. 

[0051] jhe present invention reduces facilities and tooling costs 
as compared to dedicated fixed-position equipment since 
a multi-axis positioning assembly reduces or eliminates 
the need to invest in multiple dedicated robots for each 
product type. Moreover, the present invention improves 
process throughput and equipment utilization when mul- 
tiple products are manufactured as compared to dedicated 
equipment. 

[0052] While the best mode for carrying out the invention has 

been described in detail, those familiar with the art to 
which this invention relates will recognize various alterna- 
tive designs and embodiments for practicing the invention 



as defined by the following claims. 



